e simultaneous determination of betamethasone, dexchlorpheniramine maleate, and sodium benzoate in pharmaceutical syrup was done by using a simple validated HPLC method. e chromatographic separation of the three analytes was done in a C18 column maintained at 25°C, using a mixture of acetonitrile and 0.02 M phosphate buffer solution pH 2.70 (35 : 65, v : v) as mobile phase. e isocratic elution was chosen with total flow rate of mobile phase maintained at 1.0 mL per minute. e analytes were detected by a UV-Vis detector set at 254 nm. Injection volume was set at 50 μl. e method was fully validated in terms of specificity, linearity, precision, accuracy, and robustness according to requirements of current guidelines and was proven to be suitable for the intended application.
Introduction
Betamethasone is a synthetic glucocorticoid possessing antiinflammatory [1] and antiallergic properties [2] . It works by affecting the synthesis of prostaglandin [3] and leukotriene [4] . Dexchlorpheniramine, usually used in form of maleate salt, is the pharmacologically active dextrorotatory enantiomer of chlorpheniramine [5] , an antihistamine working on H1 receptors to reduce the allergic reactions [6] . Because betamethasone and dexchlorpheniramine produce their pharmacologic effects through different mechanisms, they can be used in combination in different dosage forms like tablets, oral solutions, or syrup to enhance the resulting therapeutic efficacy.
Besides the active principles, many pharmaceutical dosage forms also contain excipients for many purposes, including enhancing the efficacy of active principles (by ameliorating their solubility, by slowing down their deterioration, etc.) and assuring the efficiency and safety of the dosage form by prohibiting the development of micro-organism. ese agents must be present in the pharmaceutical dosage forms at a proper level during the shelf life of these products to ensure their effectiveness. erefore, the assay of solubility enhancers or antimicrobial preservatives, particularly the latter, is usually necessary in specification of pharmaceutical preparations, besides the assay of active principles.
Sodium benzoate can be used for both the abovementioned purposes: it can increase the solubility of active principle [7] , and it can also be used as antimicrobial preservative [8, 9] to inhibit the development of micro-organism. So, the assay of sodium benzoate is required in these cases for quality control purpose.
Betamethasone and dexchlorpheniramine maleate were determined separately in bulk active compound and pharmaceutical dosage forms by HPLC in C18 column [10] [11] [12] [13] . Betamethasone and dexchlorpheniramine maleate were simultaneously determined by UV-Vis spectrometry [14] and high-performance thin-layer chromatography [15] . e assay of sodium benzoate can be done by volumetric titration [7] . However, for the simultaneous assay of sodium benzoate and other analytes, HPLC in C18 column was the most common choice of analytical technique [8, 9, 16] . Up to now, no method has yet been published for simultaneous determination of betamethasone, dexchlorpheniramine maleate, and sodium benzoate in pharmaceutical dosage forms.
To assure the reliability of analytical results, any method intended for the assay of active principle(s) and other components, such as preservative(s), in pharmaceutical dosage forms must be able to satisfy suitable performance levels, such as those required by AOAC International for quantitative method [17] and must be able to provide obligated validation data to authorities according to guidelines on analytical method validation, such as those issued by ICH [18] or FDA [19] .
In the current guideline "Validation of Analytical Procedures: Text and Methodology Q2 (R1)" of ICH, assay tests for drug substances and drug product must be validated in terms of specificity, precision, accuracy, linearity, and range [18] . e validation of an analytical procedure ensures the reliability and reproducibility of results obtained from the applied analytical technique and the particular analytical conditions of the method. e validation report of all analytical methods must be submitted to the regulation agency as an integral part of the technical document for the registration of pharmaceuticals for human use.
In this study, an HPLC method using C18 column was developed and validated for simultaneous assay of betamethasone, dexchlorpheniramine maleate, and sodium benzoate in syrup.
Materials and Methods

Instrumentation.
e method was developed and validated on a Shimadzu LC-20AT HPLC system (Shimadzu, Kyoto, Japan) consisting of a pump (model LC-20AD), a degasser (model DGU-20A5), a PDA detector (model SPD-M20A), an autosampler (model SIL-20ACHT), and a control module (model CBM-20Alite).
is system used LC solution software version 1.25 SP4 for data processing and evaluation. Analytical column was a Luna C18 column (250 × 4.6 mm, 5 μm) of Phenomenex (Torrance, CA, USA).
Chemicals and Reagents.
Reference substances of betamethasone (purity 100.4%) and sodium benzoate (purity 98.6%) were established at National Institute of Drug Quality Control (Hanoi, Vietnam); reference substance of dexchlorpheniramine maleate (purity 99.9%) was purchased from Institute of Drug Quality Control of Ho Chi Minh City (Ho Chi Minh City, Vietnam). Xinfadro syrup (containing 3.0 mg of betamethasone, 24.0 mg of dexchlorpheniramine maleate, and 120.0 mg of sodium benzoate per 60 mL of syrup) was purchased from market. A placebo mixture consisting of citric acid, sodium citrate, vanillin, sorbitol, ethanol, refined sugar, and water was prepared from the information provided in the label of syrup bottle to be used in method validation steps. Acetonitrile HPLC grade, methanol HPLC grade, orthophosphoric acid PA grade, potassium dihydrogen phosphate PA grade, and triethylamine PA grade were purchased form Merck Vietnam (Ho Chi Minh City, Vietnam).
Chromatographic Conditions.
Mobile phase was a mixture of acetonitrile and 0.02 M phosphate buffer solution pH 2.7 (35 : 65, v : v). e 0.02 M phosphate buffer solution pH 2.7 was prepared by dissolving 2.72 g of potassium dihydrogen phosphate and 3 mL of triethylamine in 900 mL of water, adjusting the pH to 2.7 ± 0.1 by orthophosphoric acid, adding water to make 1000 mL, mixing the solution well, filtering it through 0.45 μm membrane filter, and degassing it by sonication for 15 minutes before using it. e flow rate of mobile phase was maintained at 1.0 mL/min. e analysis was carried out on an Shimadzu LC-20AT series HPLC system equipped with a PDA detector set at 254 nm for recording chromatograms.
e chromatographic separation was conducted on a Luna C18 column (250 × 4.6 mm, 5 μm) maintained at 25°C. e injection volume was 50 μl.
Preparation of Standard Solution.
Stock standard solutions of betamethasone (1.0 mg/mL), dexchlorpheniramine maleate (1.0 mg/mL), and sodium benzoate (5.0 mg/ mL) were prepared by dissolving an accurately weighed quantity of corresponding reference standards using mobile phase as diluents. Working mixed standard solutions were prepared by accurately diluting stock standard solutions to the intended concentration with the same diluents. Standard solutions were filtered through 0.45 μm membrane filter before being used for chromatographic analysis.
Preparation of Sample Solution and Placebo Solution.
To prepare sample solution, an amount of syrup equivalent to about 0.25 mg of betamethasone was accurately weighed into a 25 mL volumetric flask and was diluted to volume with mobile phase as diluent. is solution was filtered through 0.45 μm membrane filter before being used for chromatographic analysis.
For method validation, placebo solution was prepared by weighing accurately a quantity of placebo mixture (as described in 2.2) equivalent to the amount of syrup used to prepare sample solution and diluted afterward as with the sample solution.
Method Validation.
To assure the suitability of the method for simultaneous assay of dexchlorpheniramine, betamethasone, and sodium benzoate in syrup, it was validated in accordance with the current guideline of ICH [18] in the following criteria.
2.6.1. Specificity. In the case of HPLC method, the specificity is assured by the complete separation of analytes of interest from other components in the sample matrix [16] . To evaluate the capacity of the developed method to yield wellseparated peaks corresponding to dexchlorpheniramine, sodium benzoate, and betamethasone, mixed standard solution of these analytes, sample, placebo, and blank solution were injected separately at the same volume (50 μL) into the chromatographic system.
Linearity and Range.
According to the guideline of ICH [18] , an assay method must maintain linear relation between the concentration of analyte(s) and the intensity of response (i.e., peak area for HPLC method) within a certain range around the target concentration (at least from 80% to 120% of target concentration). In this study, the target concentration was about 10.0 μg/mL for betamethasone, 80.0 μg/mL for dexchlorpheniramine, and 400.0 μg/mL for sodium benzoate. Accordingly, mixed standard solutions containing exact concentrations of betamethasone, dexchlorpheniramine maleate, and sodium benzoate at different levels of betamethasone (6.0, 8.0, 10.0, 12.0, 13.9, and 15.9 μg/mL), dexchlorpheniramine maleate (48.2, 64.3, 80.4, 96.5, 112.6, and 128.6 μg/ mL), and sodium benzoate (240.2, 320.3, 400.4, 480.5, 560.6, and 640.6 μg/mL) were prepared, corresponding to 60%, 80%, 100%, 120%, 140%, and 160% of target concentration, respectively. ree injections of mixed standard solution at each concentration were executed and calibration curve for each analyte was established between the standard concentration and average peak area. e significance of the linearity of each calibration curve was assessed by one-way ANOVA (the linearity is significant if P < 0.05 or Sig. <0.05 in expression of SPSS 16.0 software) [16] .
2.6.3. Sensitivity. For HPLC methods, generally, the sensitivity is assessed by measuring the signal-to-noise ratio between the peak height of analyte and the variation of the neighboring baseline in chromatograms. e concentrations of analyte giving a signal-to-noise ratio about 3 : 1 and about 10 : 1, respectively, are considered as the lowest detectable level or limit of detection (LOD) and the lowest quantifiable level or limit of quantitation (LOQ) [16, 20] . e LOD and LOQ of betamethasone, dexchlorpheniramine maleate, and sodium benzoate were determined by analyzing solutions containing these substances at different concentrations and measuring the signal-to-noise ratio for each analyte.
2.6.4. Accuracy. According to the current guideline [18] and the previously published work [16] , the accuracy for an assay method must be validated by recovery studies at at least three concentrations of each analyte within the range from 80% to 120% of target concentration. erefore, to evaluate the accuracy in quantitative determination of each analyte, exact quantities of reference substances of betamethasone, dexchlorpheniramine maleate, and sodium benzoate were mixed with placebo matrix in such a way that the spiked samples, after preparation process, yielded solutions containing each analyte at three concentration levels, corresponding to 80%, 100%, and 120% of target concentration, i.e., about 0.008, 0.010, and 0.012 mg/mL with betamethasone; 0.064, 0.080, and 0.096 mg/mL with dexchlorpheniramine maleate; and about 0.320, 0.400, and 0.480 mg/mL with sodium benzoate. At each concentration level, three samples were prepared and analyzed to obtain the percentage recovery of each analyte and the RSD for variation of recovery rate at each concentration level.
Precision.
e precision of chromatographic system, or system suitability, was validated by estimating the variation of peak performance of each analyte after six repetitive injections of mixed standard solution of dexchlorpheniramine, betamethasone, and sodium benzoate at 100% of target concentrations [16, 18, 20] . e method's precision, including repeatability (intraday precision) and intermediate precision (interday precision), was determined by calculating the variation of quantitative result obtained from six independent analyses of sample solutions containing dexchlorpheniramine, betamethasone, and sodium benzoate at approximately 100% of target concentration on the same day and on two different days, respectively.
2.6.6. Range. Range of concentrations of each analyte where the accuracy and precision of quantitative analysis are assured must be at least from 80% to 120% of the target concentration of each analyte [18, 19] . is requirement was validated simultaneously with the accuracy of the method as mentioned above.
Robustness.
e current ICH guideline [18] does not obligate the robustness on validation of assay method but welcomes any attempt to confirm the robustness of an analytical method, particularly a quantitative one. In this study, following small and deliberate changes on HPLC conditions was applied to assess the impact on analytical results: At each condition, a mixed standard solution of dexchlorpheniramine maleate, sodium benzoate, and betamethasone at 100% of target concentration and three sample solutions at approximately 100% target concentration were prepared and injected into chromatography system. e robustness of the method was verified by investigating the variation in peak area of each analyte in repetitive analysis of standard solution and the variation in the content of each analyte found in sample solutions [16, 20, 21] .
Stability of Analytical Solution.
Although the standard and sample solutions were analyzed immediately after preparation, there is always a delay time during which these solutions waited to be analyzed in the autosampler tray. erefore, their stability was investigated by analyzing the standard and sample preparations at 0 h and after one day of cool storage (at 10°C in refrigerator) and at 25°C. For each solution, three injections were executed at each time, and the stability of analytical solutions was evaluated from the variation of average peak area and RSD value of peak area among repeated injections. 
Results and Discussion
Method Development and Optimization.
e objective of this method is to provide a chromatographic solution that permits simultaneous assay of the two active principles dexchlorpheniramine maleate and betamethasone and the preservative sodium benzoate in syrup. From the information gathered after our bibliographic research, an analytical column with end-capped octadecylsilyl stationary phase, the Luna C18 column, the stationary phase was selected for method development.
To obtain chromatographic conditions suitable for the intended application of the method, preliminary trials were carried out. e results obtained from these trials were summarized in Table 1 . ey pointed out that the use of acetonitrile as the organic component in mobile phase would give better peak shape for dexchlorpheniramine maleate and sodium benzoate and give shorter analysis time than methanol when used at the same percentage in mobile phase. Preliminary test also found that phosphate buffer gives better peak shapes for analytes and better resolution between analytes and other matrix components. From these results, Luna C18 column with acetonitrile and 0.02 M phosphate buffer solution pH 2.7 (35 : 65, v : v) in isocratic elution mode was selected for the final method.
Method Validation
Specificity.
To evaluate the specificity of the method, blank solution, placebo solution, standard solution, and sample solution (containing betamethasone, dexchlorpheniramine maleate, and sodium benzoate at target concentrations, i.e., 0.010 mg/mL, 0.080, and 0.400 mg/mL, respectively) were injected separately into HPLC system, and the chromatogram results are shown in Figures 1(a)-1(c) . Betamethasone, dexchlorpheniramine maleate, and sodium benzoate were eluted into 3 well-separated peaks, and purity analysis (Figures 1(d) -1(f )) confirmed that there was no coeluted element at the retention times of any analyte. erefore, the chromatographic separation was capable of isolating each of the analytes of interest and permitting their specific analysis without interference from other components of the sample matrix.
Linearity.
e mean peak area of each analyte obtained from the chromatogram of mixed standard solution was plotted against corresponding concentration to establish the calibration line. e summarized graphs ( Figure 2 ) revealed linearity over the concentration range of 6.0-15.9 μg/mL for betamethasone, of 48.2-128.6 μg/mL for dexchlorpheniramine maleate, and of 240.2-640.6 μg/mL for sodium benzoate. From the regression analysis, the linear equation was obtained: y � 88252x − 6294 for betamethasone, y � 36578x − 8537 for dexchlorpheniramine maleate, and y � 15438x + 28569 for sodium benzoate, and the coefficient of determination R-square was 0.999 for all the three analytes. ANOVA analysis for all analytes (Tables 2-4 ) confirmed the statistical significance of the linear regression model in predicting the outcome variable (P < 0.05). (LOQ) . For betamethasone, the concentration of injected solution at LOD and LOQ was 2.0 μg/mL and 6.0 μg/mL, equivalent to injected quantity of betamethasone of 0.10 μg and 0.30 μg, respectively. For dexchlorpheniramine maleate, the concentration of injected solution at LOD and LOQ was 16.0 μg/mL and 48.0 μg/mL, equivalent to injected quantity of potassium guaiacolsulfonate of 0.80 μg and 2.40 μg, respectively. For sodium benzoate, the concentration of injected solution at LOD and LOQ was 80.0 μg/mL and 240.0 μg/mL, equivalent to injected quantity of sodium benzoate of 4.00 μg and 12.00 μg, respectively.
Limit of Detection (LOD) and Limit of Quantification
Accuracy.
e ICH guideline [18] requires that recovery rate for assay method must fall between 98.0% to 102.0% of the true concentration and variation of recovery rate at one concentration level in terms of RSD must not exceed 2.0%. e recovery studies with dexchlorpheniramine, betamethasone, and sodium benzoate, summarized in Table 5 , showed recovery rate from 99.8% to 102.0% at all three levels for all analytes and at RSD values at each level for each analyte varying from 0.1 to 0.6%, within the limits recommended by ICH. So, the method was of acceptable accuracy for simultaneous assay of dexchlorpheniramine, betamethasone, and sodium benzoate in syrup.
Precision.
e system precision, or system suitability, of the method was revealed by the peak performance for each analyte. For dexchlorpheniramine, betamethasone, and sodium benzoate, the variations of peak properties (retention time, area, tailing factor, and number of theoretical plates) in terms of RSD were all under 2.0%, as presented in Table 6 , with number of theoretical plates higher than 1000 for the peaks of three analytes. e repeatability and the intermediate precision of the method were assessed by the variations in assay results of dexchlorpheniramine, betamethasone, and sodium benzoate. As presented in Table 7 , these variations, both intraday (repeatability) and interday (intermediate precision), were less than 2.0% in terms of RSD for all analytes. erefore, in terms of system precision and method precision, the method was suitably precise for simultaneous assay of dexchlorpheniramine, betamethasone, and sodium benzoate in syrup.
3.2.6. Range. As discussed in Section 3.2.4 and summarized in Table 5 , the range from 80% to 120% of target concentration for dexchlorpheniramine, betamethasone, and , placebo (c) and peak purity of analytes (peak of dexchlorpheniramine (d), peak of sodium benzoate (e) and peak of betamethasone (f )). 1, peak of dexchlorpheniramine, 2, peak of sodium benzoate, 3, peak of betamethasone. Journal of Analytical Methods in Chemistry 3.2.7. Robustness. After implementing deliberate minor changes as mentioned in Section 2.6.7, the peak area and assay results for each analyte obtained at each modified condition were presented in Table 8 . For all applied changes, variation of peak area for all analytes was small (RSD less than 2.0%) and good separation was achieved for each analyte. e contents of betamethasone, dexchlorpheniramine maleate, and sodium benzoate found in sample were not varied significantly when any change described in Section 2.6.7 was implemented, as one-way ANOVA analysis found F < F inscrit for both analytes (as shown in Table 9 ). e percentage of recovery was within the range of 98.0% to 102.0% and RSD was not more than 2.0%, indicating a good stability of the sample and standard solutions for 24 hr at both conditions, as shown in Table 10 . ese results proved that both analytes were stable in sample and standard solutions prepared as described in 2.4 and 2.5, and the preparation procedure for sample and standard solution was suitable for intended application of the method.
Conclusion
In this paper, the development and validation of an HPLC method for simultaneous assay of dexchlorpheniramine maleate, sodium benzoate, and betamethasone in syrup have been discussed. e method has been proven to be able to quantify these three analytes specifically, without interference from sample matrix. e reliability and robustness of the method were also assured by validation results, demonstrating its suitability for intended application.
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